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The “Fourth State” of the Matter

Fluid: Materials 

that can flow:

Liquid, Gas and 

Plasma.
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Plasma Applications
Applications of Plasma range from energy production by 

thermonuclear fusion to laboratory astrophysics, creation of 

intense sources of high-energy particle and radiation beams, 

and fundamental studies involving high-field quantum 

electrodynamics.

Plasma is being used in many high tech industries.

• It is used in making many microelectronic or electronic 

devices such as semiconductors.

• It can help make features on chips for computers.

• Plasma is also used in making transmitters for microwaves 

or high temperature films.

Plasma research is leading to profound new insights on the 

inner workings of the Sun and other stars, and fascinating 

astrophysical objects such as black holes and neutron stars. 

The study of plasma is enabling prediction of space 

weather, medical treatments, and even water purification.
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Fluid Description of Plasma 
Plasma phenomena can be explained by a fluid model, in which the 

identity of the individual particle is neglected, and only the motion of 

fluid elements is taken into account 

The theoretical study of plasma as a fluid is governed by the concept

of magnetohydrodynamics (MHD) which involved a combination

of conservation equations of conducting fluid mass, charges and

momentum coupled with state equation and Maxwell equations of

electromagnetism

Plasma may involve the dynamics positively charged ion fluid and 

negatively charged electron fluid. In a partially ionized gas, the 

dynamics of fluid of neutral atoms may also be involved. The 

neutral fluid will interact with the ions and electrons only through 

collisions. The ion and electron fluids will interact with each other 

even in the absence of collisions due to the generation of the electric 

and magnetic fields 



Magneto-Fluid Dynamics
 Magneto-fluid dynamics (MFD) is the 

study of  the flow of electrically conducting 
fluids in a magnetic field.

 MFD is derived from three words; magneto 
– magnetic field, fluids, and dynamics –
movement.

 It covers phenomena where electrically 
conducting ionized fluids, with velocity 
field V, and the magnetic field B are 
coupled.

 Any movement of a conducting material in 
a magnetic field generates electric currents 
j, which in turn induce 

 their own magnetic fields, and

 j x B forces on the medium known as 
Lorentz force.
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Fig.1: The Right Hand Rule

Hannes Alfvén (1908-

1995), winning the Nobel 

Prize for his work on 

Magnetohydrodynamics.

http://en.wikipedia.org/wiki/Image:Hannes-alfven.jpg
http://en.wikipedia.org/wiki/Image:Hannes-alfven.jpg
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Momentum Equation  

Continuty Equation  

Energy Equation  

Equations (Liquid and Gas)
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Mass density

Charge density

Mass velocity

Current density

Total pressure 

where the subscripts i and e represent the ions and

electrons, respectively.

Some Plasma Properties  



14

,0)( 



nV

t

m (Mass Conservation Equation)

,0)( 



jn

t



(Momentum Equation)

,    ,)(  ,0 

  ,   ,
1

0

20

ne

pB
BVEEB

t

B
E

t

E

c
B

e












j
j

j





Maxwell Equations

(Charge Conservation Equation)
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Magnetohydrodynamics (MHD) Equations for Plasma
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where B is the magnetic field strength, E is the electric field, n is 

the particle density and  is the resistivity. 

or
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MODELLING IN FLUIDS AND PLASMA PHYSICS

Experimental vs. Theoretical Analysis

Fluids and plasma systems can be studied either experimentally 

(testing and taking measurements) or theoretically (by analysis 

or calculations).

The experimental approach has the advantage that we deal 

with the actual physical system, and the desired quantity is 

determined by measurement, within the limits of experimental 

error. However, this approach is expensive, time-consuming, 

and often impractical.

The theoretical approach (including the numerical approach) 

has the advantage that it is fast and inexpensive, but the results 

obtained are subject to the accuracy of the assumptions, 

approximations, and idealizations made in the analysis. 
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PROBLEM-SOLVING TECHNIQUE

• Step 1: Problem Statement

• Step 2: Schematic

• Step 3: Assumptions and Approximations

• Step 4: Physical Laws

• Step 5: Properties

• Step 6: Calculations

• Step 7: Reasoning, Verification, and Discussion

A step-by-step 

approach can greatly

simplify problem 

solving.

The assumptions made 

while solving fluids and 

plasma physics 

problem must be

reasonable and 

justifiable.
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Computational Demonstration-1 

(Using MAPLE Software)
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Decay of a Plasma in a Slab 
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Africa Research Output in Fluid & Plasma Physics
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Useful Constants and Formulae



CONCLUSION

Both theoretical and experimental research are very essential in fluid

and plasma physics.

 Complex fluid and plasma physics problems can be easily

investigated theoretically using modelling and computational

approach.

Modelling helps to make things better, faster, safer and

cheaper through simulation of complex phenomena and the

reduction of the flood of data with visualisation

An important feature of the application of modelling and

computations to fluid and plasma physics problem is that, it

enables us to make scientific predictions that are to draw on the

basis of logic and with the aid of mathematical methods, correct

conclusions whose agreement with reality is then confirmed by

experience, experiment and practice leading to innovation and

national development



THE END

ALL THE BEST AND GOD BLESS

THANK YOU  VERY MUCH
 


